SUMMARY Dangerous or long lasting ventricular arrhythmias developed in three patients who had sustained an electrical injury in which current passed through the thorax. In all three cases there was a delay of [8] [9] [10] [11] [12] hours between the injury and the onset of symptoms. The ventricular arrhythmias were severe and long lasting. In two of the three patients, ventricular tachycardia or ventricular fibrillation or both occurred and in one patient ventricular parasystole developed. No enzymatic evidence of myocardial necrosis was found but the results of an endomyocardial biopsy carried out in two of the three patients showed focal myocardial fibrosis and increased numbers of Na, K-pumps. The two patients with ventricular tachycardia became symptom free after appropriate antiarrhythmic treatment and in the third patient ventricular parasystole disappeared spontaneously within two years.
A lightning strike is a recognised cause of sudden death. When the mechanism of such death was investigated in 1775 it was found that an electrical shock applied to a head stunned hen whereas another shock to the sternum resuscitated it.' In 1850 it was shown in a dog that application of a current to the exposed heart was followed by very rapid and irregular movements of the ventricles-that is, probably ventricular fibrillation. 2 Nowadays electrical injuries are common. Several factors such as voltage, tissue resistance, tissue susceptibility, type of current, current pathway, site, and duration of electrical contact determine the severity and distribution of the injury.3 The heart in particular is liable to damage by electrical injury. Thus activity, and echocardiographic examination. 7 We report three cases of non-fatal electrical-injury that were followed by delayed serious ventricular arrhythmias. Endomyocardial biopsy. specimens were taken from two of the patients. Microscopy showed myocardial fibrosis.
The membrane bound enzyme, the Na, KATPase or Na, K-pump, performs the transport of sodium ions out of the cell and potassium ions into the cell and is essential for the specific properties of muscle and nerve tissue such as contractility and excitability. " The left heart was catheterised from the femoral approach. After coronary angiography five endomyocardial biopsy specimens were taken from the left ventricle with Cordis biopsy forceps. Three of the biopsy samples were taken for microscopy and two were frozen (-20°C) for assay of the Na, Kpump.
Jensen, Thomsen (fig 3) . At admission to hospital the patient mentioned the previous electrical injury. Resting electrocardiogram, coronary enzyme concentration, and serum potassium concentration were normal. Exercise testing and coronary arteriography were also normal. Left ventricular endomyocardial biopsy specimens showed focal myocardial fibrosis and a Na, K-pump concentration of 463 pmol/g wet weight. She has been treated with mexiletine for six months with excellent effect on the ventricular tachycardia and its symptoms. PATIENT 3 A 34 year old previously healthy man sustained an electrical injury when current (220 V, 50 Hz) passed from his left hand to his right shoulder. Twelve hours later he experienced chest pain and palpitation. He was admitted to the hospital and physical examination was normal except for a pericardial friction rub. Electrocardiographic monitoring showed ventricular parasystole with highly variable coupling intervals, fusion beats, and a minimum manifest interectopic cycle length of 760 (720-780) msec (fig 4) . During the next few days the electrocardiogram showed transient ST segment depression and negative T waves in leads I, II, III, and V4-6. All laboratory tests were normal including creatine kinase B, serum potassium, and virus titres. The exercise electrocardiogram was normal and parasystole disappeared completely when the heart rate exceeded 120 beats per minute. Thallium-201 myocardial exercise testing and cross sectional echocardiography were normal. Coronary arteriography, electrophysiological provocation, and endomyocardial biopsy were not considered to be justified. Holter monitoring at two weeks and three, six, 12, 24, and 48 months after the injury showed a gradually decreasing number of ventricular parasystolic beats with unchanged minimum manifest interectopic cycle length. Within two years the ventricular parasystole had completely disappeared.
Discussion
In the present study there was a delay between electrical injury and the onset of arrhythmias. Cardiac arrhythmias and conduction disturbances such as ventricular fibrillation, ectopic focal arrhythmia, and Jensen, Thomsen Arrhythmias are often seen after cardioversion by direct current countershock. These can be either immediate or delayed. Thus ventricular fibrillation was seen immediately after cardioversion in 26 of 1046 patients whereas in five patients ventricular fibrillation was delayed from 5 minutes to 6 hours after cardioversion and tended to recur after defibrillation.9 Unlike our patients, however, these five patients were heavily digitalised and four had hypokalaemia.
Because current tends to course along the neurovascular bundles, the heart is highly susceptible to injury when an electrical current passes through the thorax. Generally, however, in most patients who suffered electrical injury there were no major arrhythmias.34 This may be because evidence about whether the current had passed through the thorax or not was not specifically sought.
Several theories have been advanced to explain the effects of electricity on the heart. The development of patchy necrosis after electrical injury has been suggested.7 This theory is supported by our findings in the two patients in whom endomyocardial biopsy was performed. To our knowledge abnormal findings in the endomyocardial biopsy specimens of survivors of electrical injury have not been reported before. The biopsy specimens were obtained two and six months after the injury and the patchy fibrosis that we found at this time could explain the development of early arrhythmias. Furthermore, the fibrotic tissue found in the myocardium might be a potential chronic arrhythmogenic focus.
We found Na, K-pump concentrations. of 463 and 600 pmol/g wet weight in two endomyocardial biopsy specimens assayed for We believe that patients sustaining an electrical injury in which the current passes through the thorax should be monitored electrocardiographically for at least 24 hours because the onset of arrhythmias may be delayed. Because long lasting and severe arrhythmias can develop under these circumstances, patients with unexpected arrhythmias should be questioned about previous electrical injury.
